of lead being Ij in. In the centre of each sheet was a circular aperture, so that an almost parallel beam of X-rays emerged at the opening in the distal sheet. Each of the apertures could be made of any desired diameter by the insertion of lead diaphragms. Directly in front of the distal aperture, the sheet of aluminium or other filtering material was placed in a plane at right angles to the beam, while in direct line with the latter was a gold leaf electroscope. This was of lead 1 cm. thick, except at one end, where a window of aluminium, I mm. thick, permitted the X-ray beam to enter; the electroscope was connected with earth, and its leaf could be charged to a constant potential from a battery of 200 Leclanche cells. After blocking up the central apertures with solid lead, and making certain that the ionization due to any secondary radiations was constant and low, and that the natural leak of the electroscope was also constant and low, a sheet of aluminium of definite thickness was placed between the screen and the electroscope, the current (usually from 4 to 6 amp. in the primary and 1 to 2 ma. in the secondary) switched on, and the fall of the gold leaf, owing to ionization, accurately timed by means of a stop watch over a measured distance in an eyepiece scale. The sheet of aluminium was then removed, and the material whose filtration value was being estimated placed in the same position, and its thickness increased or decreased until the leaf fell through the same space in exactly the same time and under the same conditions. As will be seen, no correction for the natural leak of the electroscope and secondarv radiation ionization need be made, for so long as each is constant and low it is simply a matter of getting the time readings of the two different filtering materials to correspond exactly. In carrying this out, the greatest difficulty was with the vacuum of the tube, for if this did not remain constant the -value of the readings was, of course, nil. It was found that the relation between filters of high density and those of low density varied with the vacuum of the tube. This was very significant, for it clearly indicated that the relative filtration value between different filtering materials varied with the degree of hardness of the tube. To overcome this source of error, hard and well-seasoned tubes were used, corresponding to 7 to 10 Bauer (for the amount of current used), and, in addition, a sheet of aluminium 5 mm. thick was placed in front of the tube box. In this way slight differences in the penetration of the rays during the investigation were eliminated, and one was enabled to work with a beam of practically constant quality for some hours on end.
As exception may be taken to the aluminium, seeing that it is not present in the ordinary conditions of practice, it ought to be clearly explained why it was considered necessary to use it. Firstly, ,-because the relative readings varied so much with tubes of different resistances, the softer the tube the higher the relative value of the filter of greater density, that it was impossible to tabulate equivalents which would have remained constant for tubes of different degrees of hardness. Secondly, because clinical evidence goes to show that therapeutists are using a harder ray than formerly, and the tubes used, though hard, were not so hard as some use and harder than others use. In this case, the aluminium allowed one to obtain an empirical beam from tubes of different hardness which, though varying within certain limits, yet allowed equivalents to be arrived at which remained practically constant for that variation in hardness. And thirdly, to counteract the increased penetration of the rays when heavier currents were used, for, just as it allowed the figures to remain approximately constant for tubes over a wider range of hardness, so here also it allowed these figures to remain approximately true over a wider range of current. At the same time, however, though the sheet of aluminium was used experimentally as a basis to get constant figures, the figures so obtained were tested for tubes in actual use for treatment without it being present, and they still remained approximately true, though over a slightly smaller range of hardness.
The materials whose filtration values were investigated were as follows: Tanned leather as obtained in boot-repairing shops, chamois leather, felt as supplied by X-ray instrument makers, the purest paper I could obtain, known as London Board, from Lechertier Barbe, Jermyn Street, W., and surgical lint of the usual hospital quality, thoroughly soaked in either a saturated solution of sodium tungstate or of lead acetate, and allowed to dry naturally. The filtration equivalents found for these various materials were as follows:- It may be added that these figures are the averages of some thousands of electroscopic readings, with different samples of the various materials.
At the §ame time, it should again be emphasized that these equivalents are for hard X-rays as used in treatment, and not for those from soft tubes, and, as has already been shown, it is impossible to get equivalents that remain perfectly true for different degrees of hardness, these figures must be approximate, but are sufficiently accurate, I believe, for all hard -therapeutic tubes. It is clear, on comparing the readings, that the figures for the different thicknesses increase or decrease in something approaching proportion, showing that though this is by no means a test of the homogeneous character of the beam, the quality of the beam is the same in all the tests with different tubes used. From the figures it would be possible to calculate approximately the relative values for greater filtration than that in the table. Glancing at the figures, it will be seen that aluminium has about six times the filtration value of either tanned leather or pure paper, while chamois leather and felt have a much less value, and that lead acetate lint has twice the filtration valtue of sodium tungstate lint.
The problem as to what is the best filtering material for therapeutic purposes will still at present depend largely upon the individual tastes of radiologists, and I do not believe it matters in the slightest what material is selected, provided a suitable thickness is used, and a proper method of using it is adopted. If it were not for the fact that many of the elements, except those of low, and perhaps also very high, atomic weight, give off characteristic fluorescent radiations under the action of X-rays, filtration would present little difficulty in practice. It would then have been to a large extent a question of density-the greater the density the less the thickness required, and vice versa; the one, however, not being a linear function of the other. Secondary radiations certainly introduce a new element of danger when using filters of materials which ,emit them, for they resemble, on the whole, the soft rays from a focus tube, in other words, the rays that are believed to readily set up dermatitis. This is the reason why it is necessary not only to take into account the thickness used but also the proper method of using any filter.
In the choice of material there seems to be various alternatives. Firstly, one may use a material composed of elements of low atomic weight, giving off no fluorescent radiations as yet detectable-for example, pure paper or felt; secondly, a material of comparatively low or medium atomic weight, and which emits a very soft and very easily absorbed radiation-for example, aluminium; and thirdly, a material of high atomic weight, which has much greater power to filter, but at the same time gives off a less easily absorbed radiation-for example, tungstate lint. Although these three 'alternatives have been mentioned, it will be seen that they merge into each other; still it will, perhaps, be better to consider each of them separately.
The first-naamely, material of low atomic weight -certainly appears to be the one least liable to give rise to unwished for effects. In practice, however, there is sometimes a difficulty in getting the larger thickness of material required between the tube and the pastille in the usual Sabouraud method, for, it will be agreed, the only accurate position for the filter is between the tube and the pastille. With the present construction of apparatus there may be this difficulty unless-Kienbock's methkd is employed. Here the test paper is placed on the skin and a large amount of filtering material may be placed over it.
The ordinary pastille might also be placed on the skin and measured by Corbett's or Hampson's scales. Suppose, for example, one wishes to filter with felt equivalent to 3 mm. of aluminium with a hard tube, one would, according to my figures, require about 4 in. thickness of the felt and this might not be conveniently got between the tube and the pastille at half-way distance. Felt'is structurally very incompact and consequently of low density, but there are other materials of low atomic weight, much more compact, such as tanned leather, or pure paper, and these do not present so much difficulty in this way. Chamois leather is another useful material, especially to use in combination with metallic filters on their distal side to absorb any soft fluorescent radiations.
In the second class of filters is aluminium. It is the metal of' lowest atomic weight for which a characteristic secondary radiation has been detected, though under the usual conditions this must be very small in amount. Filters of this material should not, therefore, be placed directly on the, bare skin. If at a few inches off, it is difficult to see how any of the fluorescent radiations can reach the skin, as Widdington estimates that it only requires 4-7 mm. of air to absorb 50 per cent. of that radiation. It is, however, very easy to make it quite safe by placing some material between it and the skin. If chamois leather, lint, a towel, or some such material be used for this purpose, the very soft radiation will be absorbed, and aluminium will not then be found to be the dangerous filter that some have stated it to be. A possible explanation of its bad effects in the past is either because it had been placed in direct contact with the skin, or because the tubes used for treatment were softer than they are used now, and consequently a larger amount of fluorescent radiations emitted, as these radiations are a function of the quantity of the primary beam absorbed by the filter-that is to say, if the tube is soft more will be absorbed by the aluminium and more fluorescent radiations produced. Barkla has estimated that never more than 40 per cent. of the primary beam is transformed into fluorescent radiations and that only a fraction of this escapes from the filter, if it is in the form of a plate.
With regard to the third class of filter, such as lint soaked in a solution of sodium tungstate, it should be clearly realized that one is really using, from an X-ray point of view, a metallic filter in spite of its non-metallic appearance. X-rays have no respect for molecules but pick out the atoms of tungsten, and emit from them a fluorescent radiation just as they would from particles of metallic tungsten. The radiations are certainly not all absorbed by the lint on which the particles have been deposited, for Russ has shown that the fluorescent radiations from lead and bismuth-elements of slightly higher atomic weight than tungsten-require about 1 mm. of aluminium to absorb them, and surgical lint I have found to be a very feeble filter. For this reason lints soaked in solution of salts of high atomic weight should, I think, have something between them and the skin, which has a filtration value of about 1 mm. of aluminium. It would be safer not to use aluminium for this purpose in case the radiation from the tungsten might excite fluorescent radiations in the aluminium, for the latter shows indications of being an exception to the rule that the exciting beam must be of greater penetration than the secondary radiation excited. In trying different salts, I found that lint soaked in a saturated solution of lead acetate and allowed to dry has approximately twice the filtration value of tungstate lint, and is, besides, a much cheaper and commoner salt. Either of these lints, however, can be made quite safe and acts as a. powerful filter. Difference in the filtration value of tungstate lint compared with aluminium as observed by others might be due to the quality and thickness of the lint used, but the relation between the tungstate and lead acetate lints would, of course, not be affected by this.
It will be seen then, that though there are widely different methods used in filtration, all of them are safe if properly used; and if this be so, then the choice of material will still depend upon the individual radiologist. Meanwhile we can only hope that at some near date a material will be found which is agreed upon as the ideal filter.'
In conclusion, I would like to say that though the basis of this paper was worked out experimentally in the laboratory, the results obtained there have been put into practice for several months and found safe and reliable, and that I fully realize the difficulties and even dangers in trying to give definite figures to such things as X-rays, which seem at the present time to have no fixed constants at all. I also wish to acknowledge the kind help and suggestions of Mr. Phillips, Honorary Physicist at the Cancer Hospital.
DISCUSSION.
Dr. S. Russ said, with reference to the tabular results of Dr. Salmond, that he would like to see the values of the densities of the materials put into the same table for comparison, as it was of particular interest to see whether aluminium was, weight for weight, a better absorber than substances made of the lighter elements. In view of what was known about secondary radiation, he thought that for safety metallic substances should not be used for screening purposes; some heavy material, such as compressed paper, consisting as it -does of the lighter elements, seemed indicated.
Mr. S. GILBERT SCOTT said it was important that the distance of the filter from the anode should always be mentioned when the dosage of X-rays was given. He also asked if the statement of certain German radiologists that the hardness of the rays was increased by passing through thick aluminium filter was correct.
Dr. KNOWSLEY SIBLEY said that as a dermatologist he did not use filters to the same extent as those whose work had to deal with the treatment of more deeply seated conditions, where it was desirable to get penetration by as much of the hard rays as possible without injuring the skin with the soft ones, most of which were cut off by the interposition of various filters. At the same time, filters were very useful for the treatment of some of the pathological conditions of the skin, as for instance in lupus vulgaris, where it was more or less useless to treat only' the superficial regions. So also in repeated and prolonged -treatment for hirsuties, the interposition of filters undoubtedly rendered the A material called "Bakelite," with a density about equal to that of water and an opacity to X-rays approximately that of the soft tissues of the body, has recently been introduced. It may be had in sheets, and its tise as a filter has already been suggested by Dr. Christen, but more as part of his ingenious method of measurement than for actual treatment. Bakelized paper can also be obtained. Unfortunately, these experiments were completed before this new substance was on the market, so I have not had an opportunity of estimating its relative filtration value. treatment less risky. He had been greatly interested in the tabular form produced giving the absorptive properties of the various substances experimented with-aluminium, felt, chamois leather, lint, &c. He wondered where in this series the filter which all workers in X-rays used-namely, the human skin-would come. Of course, it most be obvious to all that the skin removed from the cadaver for experimental purposes would not be the same filter as the live skin with the blood circulating through it.
Dr. SALMOND, in reply, agreed with Dr. Russ that it would have been interesting to have had the densities of the materials used put in the table of results for comparison with their filtration values. He agreed with him that filters of the light elements were the safest, and with regard to compressed paper which Dr. Russ had mentioned, the credit was really due to Dr. Russ for having first recommended it as a filter. In reply to Mr. Gilbert Scott, he, too, had seen the statement that by passing a beam of X-rays through a sheet of aluminium 5 mm. thick the beam became harder, say from 10 to 15 WVehnelt, but he did not see how it was possible, though, of course, the proportion of hard rays in the beam after passing through the aluminium would undoubtedly be greater than before it had passed through. He agreed with Mr. Scott that when filtration was recorded the distance of the filter from the anticathode should be stated. He was sorry he could not answer Dr. Knowsley Sibley's questions as to which class of filter the human skin would come under. The material that it seemed to him to approach nearest in the table was chamois leather, but, as he had mentioned, " Bakelite " had an opacity to the X-rays about that of the soft tissues of the body. He was extremely interested in Mr. Thurstan Holland's remark that he used aluminium rolled up in boiler felt, as he had been in the habit of using a combination of aluminium and chamois leather with no signs of any bad effects.
